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(57) L'invention conceme des composes de fonnule 
generale (I): F^i-A{) (-B^) (-W^), dans laquelle F est 

une molecule signal de colorant presentant au moins une 
valeur d 'absorption maximale comprise entre 600 et 
1 200 nm; A est une biomolecule se fixant sur les plaques 
de .beta.-amyloide; B est un colorant se fixanl sur les 
plaques de .beta.-amyIoide; W est un element structural 
de faible poids mol^culaire, hydrophile. se fixant sur les 
plaques de .beta.-amyloide. L'invention conceme 
egalement 1"' utilisation de ces composes pour le 
diagnostic in vivo et in vitro de maladies 
neurod^g6ieratives, telles que la maladie d'Alzheimer, 
au raoyen d'un rayonnemcnt infrarouge proche servant 
d'agent de contraste dans le diagnostic par fluorescence 
el transillumination dans le domaine de Tinfrarouge 
proche. L'invention conceme enfin des agents de 
diagnostic contenant lesdits composes. 



(57) The invention relates to compounds of formula (I): 
F^(-Al) (-Bj^) (-Wq) wherein F is a colorant-signal 

molecule with a maximum absorption value ranging 
from 600 - 1200 nm; A is a .beta.-amyloid plaque 
binding biomolecule; B is a .beta.-amyloid plaque 
binding colorant; and W is a .beta.-amyloid plaque 
binding hydrophilic low-molecular structural element. 
The invention also describes the use of these compounds 
in in vivo and in vitro diagnosis of neurodegenerative 
diseases such as Alzheimer's disease by means of near 
infra-red radiation (NIR radiation) as a contrasting agent 
in fluorescence and transillumination diagnosis in the 
NIR range. Diagnostic agents containing said 
components are also disclosed. 
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optioal Olagnoatlo J^mtm for tha Dlagnoai. of Haurodagaaarativa 
Diaaaaas By Kaana of Maar znfrarad Radiation (»XR Radiation) 

The invention relates to compounds for in-vivo and in-vitro 
diagnosis of neurodegenerative diseases by ncans of naar infrared 
radiation (NIR radiation), the use of these compounds as optical 
diagnostic agents and diagnostic agents that contain these 
compounds . 

Alzheimer's disease (AD) is the most common form of advanced 
dementia in older humans. The frequency of occurrence of AD 
increases with the age of the patient and reaches values of 40% - 
50% in the age group between 85 and 90 years. AD can be 
diagnosed with certainty only post mortem by the study of the 
brain of the patient in an autopsy. The brains of Alzheimer 
patients contain many characteristic amyloid plaques in the 
neuronal tissue and in the surrounding area of blood vessels that 
are surrounded by dystrophied neurites and neurofibrillar 
"tangles." The brains of Alzheimer patients also show a small 
number of synapses. In the advanced stage of the diseasa, a far- 
reaching degeneration of neuronal structures and a significant 
decrease in brain volume has been determined (Wiesnlewskl , H. M.. 
Weigel, J. , Alzheimer's Disease Heuropathology. Current Status 
of Interpretation of Lesion Development. Ann HY Acad Sci 1992, 
673: 270-84). 
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The amyloid plagues consist of, i.e., the amyloid-B-peptide 
(Afi) , a fragment of the B-amyloid precursor protein (APP) that 
consists of 40 to 42 amino acids (Master, C. L.; Simms, 6.; 
Weinman, N. A., et al» Amyloid Plaque Core Protein in Alzheimer 
Disease and Down Syndrome » Proc Natl Acad Sci USA 1985, 82: 
4245-9; Kang, J., Lemaire, H. 6«, Unterbeck, A. et al. The 
Precursor of Alzheimer's Disease Amyloid A4 Protein Resembles a 
Cell-Surface Receptor. Nature 1987, 325: 733-6). The number of 
plaques does not correlate to the degree of advanced dementia, 
but it is an early and reliable diagnostic agent for the 
occurrence of Alzheimer's disease. This results in the 
hypothesis that the first deposits of AB take place long before 
the manifestation of AD and before the first clinical symptoms 
occur (Hardy, L. ; Allsop, D., Amyloid Deposition as the Central 
Event in the Aetiology of Alzheimer's Disease. Trends Pharmacol 
Sci 1991, 12: 383-8). 

A method that provides for quantitative early detection of 
the amyloid plaques before the death of the patient, however, had 
a significant influence on further study of AD and on the 
development of new active therapy strategies against AD. 

At the ctirrent time, there is no direct detection of amyloid 
plaques in the brains of AD patients. The extent of AD is now 
diagnosed only indirectly based on the brain volume or from 
D:^tabolic disorders of the brain areas that are affected (NRT and 

. The significant drawback of these methods is, however, 
only indirect detection of AD, which is often associated with 
high statistical fluctuation ranges of the results. The 
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detection sensitivity o£ these methods compared to direct 
detection of amyloid plaques is therefore considered low. 

Several processes for irradiation and Imaging diagnoses of 
biological tissues with long-wave light of the wavelength range 
of 600 to 1200 nm (near Infrared diagnosis) are known. Since 
biological tissue has a relatively high permeability for long- 
wave light of this spectral region, another process for graphic 
tissue visualization is thus available to the diagnostician in 
addition to modern imaging processes, such as radiography, 
magnetic resonance tomography or ultrasound diagnosis (Haller, E. 
B. Time-Resolved Transillumination and Optical Tomography. J 
Biomed Optics 1996, 1:7-17). The use of MIR radiation for site- 
dependent recording of blood flow and degree of oxygenation in 
the brain of infants by the detection of hemoglobin/ 
deoxyhemoglobin absorption is a process that has been known and 
used for years (Jdbsis, F. F., Noninvasive Infrared Monitoring of 
Cerebral and Myocardial Oxygen Sufficiency and Circulatory 
Parameters. Science 1977, 198: 1264-67; Chance, B.; Leigh, J. 
S., Miyake, H. et al. Comparison of Time-Resolved and Time- 
Unresolved Measurements of Deoxyglobin in Brain. Proc Hatl Acad 
Sci USA 19B8, 85: 4971-75; Benaron, D. A. et al. Optical Time-of- 
Flight and Absorbanee Imaging of Biological Media. Science 1993, 
33: 369A). 

In near-infrared diagnosis, both the detection of non- 
absorbed radiation in the form of a transmission visualization 
and the fluorescence radiation that is emitted after irradiation 
with near-infrared light can provide tissue-specific data. 
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The basic problem in the use of near-infrered radiation is 
the strong scattering of light, so that even in the case of 
different photophysical properties, this object is poorly 
distinguished from an object with sharp edges and its surrounding 
area. The problem grows with increasing removal of the object 
from the surface and can be seen as a primary limiting factor 
both in transillumination and in the detection of fluorescence 
radiation. 

The object of the invention is therefore to make available 
new compounds that overcome the drawbacks of the prior art. 

This object is achieved according to the invention in that 
compounds of general formula I 

Fm(-A,) (-B„> (-W^) (I) 

in which 

P is a dye-signal molecule, which has at least one 

absorption maximum in the range of 600 to 1200 nm, 
A is a biomolecule that binds to B**amyloid-plagues, 
B is a dye that binds to fi*amyloid-plagues, 
W is a hydrophilic, low-molecular structural element that 

binds to 6-amyloid*-plaques, 
m stands for number 1 or 2, provided that n and o mean D, 

or m stands for an integer 3-20, 
1 and n, independently of one another, stand for number 0, 1 

or 2, 

o stands for an integer 0, 1, 2, 3 or 4, 
provided that the sum of 1, n and o ^ 1, 
as well as their physiologically compatible salts. 
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are aade available. 

It has been found, eurprisingly enough, that the conpounds 
according to the invention are stored in or bind to the amyloid 
plaques or coaiponents of the amyloid plaques or are built up 
there and thus result in a unification and an increase in 
absorption and fluorescence of the latter in the detecting areas. 

The in-vivo detection of B-amyloid deposits with use of KIR 
radiation requires dyes as contrast media, which have a high 
absorption and fluorescence quantum yield in the wavelength range 
of 600 to 1200 nm and bind selectively to fl-amyloid deposits. 

Dyes from the class of polymethines have absorption and 
fluorescence properties that are characterized by high molar 
absorption coefficients between 600 and 1200 nm and adequate 
fluorescence quantum yields. Dyes of this class generally have 
high photostability. 

It has been found, surprisingly enough, that to improve the 
differentiation between normal and diseased tissue, fluorescence 
dyes that accumulate in the diseased tissue or selectively bind 
to pathologically altered tissue components and have a specific 
absorption and emission behavior are suitable, 

in this invention, it has been found, surprisingly enough, 
that the compounds of general formula I according to the 
invention bind to the 6-amyloid plaques. The change of the 
(scattered) irradiated light that is produced by absorption of 
the dye and/or the fluorescence that is induced by the stimulator 
radiation is detected and yields the actual tissue-specific data 
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that make possible an assessment on the degree of the pathogenic 
change. 

According to the invention, those dyes are used as signal 
molecules F that are covalently linked with structures that bind 
selectively to B-anyloid plaques or are substituted with such 
structures. 

Compounds of general formula I according to the invention 
are those in which, for example, 

a) 1 and n mean zero, m stands for one and o stands for 1"* 
4, or 

b) n and o mean zero, m stands for 3*20 and 1 stands for 
1-2 , or 

c) 1 and o mean zero, m stands for 1-2 and n stands for l« 
2, provided that the sum of n and m is less than or 
equal to 3. 

Preferred are compounds of general formula I according to 
the invention, in which F stands for a cyanine, sgueurilium, 
croconium, merocyanine or oxonol dye. 

Especially preferred are compounds of general formula Z, in 
which F stands for a cyanine, squar ilium or croconium dye of 
general formulas ZI--IV 
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(II) 



(III) 



(IV) 



in which 

to and R^ to R'^, independently of one another, stand 
for a fluorine, chlorine, bromine or iodine atom, or a nitro 
group or for a radical -COOE^ -CONEV, -NHCOE^ -NHC0NHE\ 
-;7S'e2, -0E\ -0SO3B^ -SOiE\ -S02NHB^ -E^ 

whereby E^ and E^, independently of one another, stand 
for a hydrogen atom, a saturated or unsaturated, 
branched or straight-chain 0,-053 alkyl chain, whereby 
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the chain or portions of this chain optionally can form 
one or more aromatic or saturated cyclic Cj-C^ units or 
bicyclic C^i^ units, and whereby the C^-Cjo alkyl chain is 
interrupted by 0 to 15 oxygen atoms and/ or by 0 to 3 
carbonyl groups and/or is substituted with 0 to 5 
hydroxy groups, 
and whereby in each case adjacent radicals R^-R^ and/ or 
be linked together with the formation of a six<-membered aromatic 
carbon ring, or these radicals stand for a binding to A, B or H, 
V? and R^, independently of one another, stand for a radical 
-e' with the above-indicated meaning or for a C,-C^ sulf oalkyl 
chain, 

Q represents a fragment 




in which 

R^^ stands for a hydrogen, fluorine, chlorine, bromine 
or iodine atom or a nitro group or a radical -ke^e', 
•^E' or -E% whereby e' and E^ have the above-indicated 
meaning. 
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r'* stands for a hydrogen atom or a radical e' with the 
above-indicated neaning, 
b neans a number o, 2 or 3, 
X and Y, independently of one another, mean O, s, -CH-CH- or 
a fragment 

in which 

r" and R^*, independently of one another, stand for 
hydrogen, a saturated or unsaturated, branched or 
strai0it-caialn C,-C^o alkyl chain, which can be 
interrupted by up to 5 oxygen atoms and/or substituted 
with up to 5 hydroxy groups, and whereby radicals r" 
and R^* can be linked together while forming a 5- or 6- 
membered ring* 

Especially preferred are compounds of general formula I, in 
which P represents a cyanine dye of general formula V 



(V) 



in which 

p means an Integer 2 or 3, 

X and Independently of one another, stand for 0, 
-CH«CH- or C(CH3)2f 
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R^^ and R^, independently of one another, represent a 
radical -C00E\ -COHERE*, -NHC0B\ -NHC0NHE\ -NB^E^, 
-0E\ -OSO3H, -E^ whereby e' and E^ have the 

above-indicated meaning, provided that E^ and E^ are 
not hydrogen atoms at the same time, 
R^^ and R^, independently of one another, stand for a 
radical -E^ with the above- indicated meaning, for a C^- 

sulfoalkyl chain 
or r'*, R», R*% R^, E^ or E^ stands for a binding to A, 
B or W with the above-indicated meaning. 
Especially preferred are also compounds of general formula 
I, in which F represents a cyanine dye of general formula vi 




in which 

p, X, Y, R^^ and R^ have the above-indicated meaning, 
R^ stands for -OE*, -COOE', -CONHE', -C0NH(CH2)^.^-NHB', 
-C0NH(CH2),.^-0E', -C0NH(CH2),.^-C00E* or -C0ilH(CH2)^.^-COHHE?, in 
which 

e' stands for a mono-, oligo- or polysaccharide with at 
least one radical -OSOjH. 
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Especially preferred in addition are compounds of general 
formula I, in which P represents an oxonol dye of general formi 
VII 



in which 

p, r" and R** have the above-indicated meaning, 
R» and r25, independently of one another, stand for a phenyl 
ring that is substituted in one to three places with 
hydroxy, carboxy, sulfate, sulfonate, alley 1 or alkoxy or 
carboxylic acid ester radicals. 

compounds of general formula 1 according to the invention 
are those in which A stands for, for example, antibodies, 
antibody fragments, specific peptide and proteins, receptors, 
enzymes, enzyme substrates, nucleotides, ribonucleic acids, 
deoxyribonucleic acids, lipoproteins, carbohydrates; mono-, di- 
or trisaccharides; linear or branched oligo- or polysaccharides 
or -saccharide derivatives or for a dextran. 

Preferred peptide are the fl-amyloid 1-40, 1-42 and 1-43, as 
v^ll as partial structures and derivatives thereof. Especially 
preferred are fl-amyloids and partial structures of 6-amyloids, 
which are modified with the amino acid cysteine, whereby the 
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binding to F via the sulfhydryl group of the cysteine is carried 
out by means of a xnaleinido structure. 

Monomer ic amino sugars are, for example, glucosamine, 
galactosamine, mannosamine, gulosamine, fucosamine, 3*amino*-3-* 
deoxy-ribose, kanosamine, mycosamine, mycaminose, desosamine, 
rhodosamine, 6'-amino*6-deoxy-glucose, neosamine, paromose. 

Amino-sugar carboxylic acids are, for example, glucosaminic 
acid, glucosaminuronic acid, muramic acid, trehalosamine, 
chondrosin and derivatives, chit otr lose. 

Preferred are compounds of general formula I, in which the 
binding to F between the amino group of the sugar and the carboxy 
group of the dye is carried out with the formation of an amide 
group. 

In addition, compounds of general formula I with mono-, di-, 
tri- and oligosaccharides for A, whose glycosidic hydroxy group 
was converted into an amino group, are preferred, whereby the 
coupling to a carboxy group of dye F is carried out with the 
formation of an amide group. 

Monomeric to oligomeric saccharides are aldo* and 
ketotr loses to aldo-* and ketoheptoses, ketooctoses and 
ketononoses, anhydro sugars, cyclites, amino- and diamino sugars, 
deoxy sugars, amlnodeoxy sugars, monocarboxylic acid sugars, 
amino-sugar-carboxylic acids, aminocyclites, phosphorus- 
containing derivatives of monomers to oligomers. 

Examples of suitable polysaccharides are fucoidan, 
arabinogalactan, chondroitin and -sulfates, dermatan, heparin, 
heparan, heparitin, hyaloronic acid, keratan, polygalacturonic 
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acid, polyglucuronlc acid, polymannuronlc acid, inulin, 
poly lactose, polylactosanine, polyinosinlc acid, polysucrose, 
any lose aiaylopectin, glycogen, nigeran, pullulan, asparagosin, 
slnistrln, sitosin, galactocaolose, luteose, galactan, nannans, 
guar em, glucomannans, galactoglucomannana, phoaphomannans, 
fucans, pectins, cyolodextrins and the chemically and/or 
enzymatically produced derivatives, decomposition and cleavage 
products of high-molecular compounds* 

Especially preferred mono*-, oligo- and polysaccharides are 
sulfated or poly sulfated structures. 

Sulfated structures are, for example, glucosamine-3-sulfate, 
glucosamlne-6-sulfate and those structures that can be obtained 
by sulfation with suitable reagents from the above-described 
mono-, di-, tri- to oligosaccharides, as well as polysaccharides* 

Sulfations, for example according to Jaurand, 6., et al., 
carbohydrate Research 1994, 255: 295-301; BSclcer, T*, et al.. 
Carbohydrate Research, 1992, 230s 245-256. 

Dye structures B that bind selectively to B-amyloid plaques 
according to the invention are diazo dyes, which are bonded 
covalently to the signal molecules « Suitable diazo dyes are, for 
example, Congo Red, Chrysamine G, Evans Blue, Chicago Sky Blue 
6B, Direct Red^"^ dyes. Direct Yellow^*^ dyes. Ponceau^"* dyes. 
Reactive Black 5, and Calcion. 

Preferred compounds of general formula I are those in which 
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B represents a dlazo dye of general formula VIZI 




R18 



R15-N 



N-R16 



(VIII) 



in which 



R^' and R^^, independently of one another, stand for a 
phenyl or naphthyl radical that is substituted with one 
or more hydroxy, carboxy, amino, sulfonic acid, 
alkoxycarbonyl, alkylamino, dialkylanino, alkoxy 
groups, with up to 6 carbon atoms in the alkyl radical, 
or arylsulfonyl groups, with up to 9 carbon atoms in 
the aryl radical^ 
or R^^ and R** stand for a dye F, 

R^^ and R^^, independently of one another, stand for a 
hydroxy, carboxy, sulfonic acid, alkyl, alkoxy radical 
with up to 6 carbon atoms. 



Preferred compounds of general formula I according to the 
invention are also those in which K stands for a radical -0SO,H 
or --SO^H, an unbranched, branched, cyclic or polycyclic alkyl, 
alkenyl, polyalkenyl, alkinyl, aryl, alkylaryl or arylalkyl 
radical with up to 60 C atoms, which is substituted with up to 5 
hydroxy groups, up to 3 car boxy lie acid groups and at least one 
ladical -0S03H or -SO^H. 
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Preferred are those compounds according to general fomala 
1, in which W means a sulfated structure, which can be 
represented by sulfation of corresponding hydroxy compounds. 

Suitable are, for exanqple, amino alcohols, whereby the 
linkage is carried out between amino group and carbosqr group of 
the dye with the formation of an amide group, and the hydroxy 
groups are sulfated. Examples of amino alcohols are 2-amino-l- 
ethanol, 3-amino-l-propanol, 4-amino-l-butanol, 5-amino-l- 
pentanol, 6-aaino-l-hexanol, 3-amino-l, 2 -propanediol, 2-amino- 
1,3-propanediol, 3-amino-l, 2, 4-butanetriol, hdyroxyanilines, 4- 

aminoresorcinol . 

signal molecules and specifically binding structural units 
are connected together via commonly used functional groups. Such 
groups are, for example, esters, ethers, secondary and tertiary 
amines, amides and structures that are cited below 

I X X 

H H H H 

— 5-/ 

o 



The production of the compounds of general formula I 
according to the Invention is carried out by modification of 
polymethlne-dye-parent substances, which contain fucntlonalltles 
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that can be coupled (e«g., carboxyl, amino, and hydroxyl groups), 
according to the processes that are known to one skilled in the 
art. 

Correspondingly, while obtaining the structure of the 
starting compounds, these groups are modified in a way that is 
known in the art by reaction with corresponding substituents. 

The synthesis of the polymethine-dye*-parent substances is 
carried out according to methods that are known in the 
literature, for example, F. M. Hamer in The Cvanine Dves and 
Related Compounds, John Wiley and Sons, New York, 1964; 
SylaaasfcEX, lO, (1989), 3-10; 11 (1990) 418-430; 12 (1990) 723-30; 
Bioconluaate Chem. 4 (1993) 105-11, Anal. Biochem. 217 (1994) 
197-204, Tgtrahedron 45 (1989) 484S-66, EP-0 591 820 Al, J> Qrcr. 
Chen, 60 (1995) 2361-95. 

The production of the dye-biomolecule adducts according to 
the invention (1 does not equate to zero in general formula I) is 
carried out by reaction of the dye with a biomolecule A according 
to methods that are known in the literature* The dyes must have 
reactive groups that can be coupled in this regard or the dye 
must be activated in-situ or in advance by generation of these 
groups, with regard to amino- and sulfhydryl groups of a 
biomolecule, reactive groups are, for example, N- 
hydroxysuccinimidylester, N-hydroxy-succinimidylester-3-sulfate, 
i^othiocyanates, isocyanates, maleimide-, haloacetyl, 
vinyisulfone groups. The coupling is preferably carried out in 
an aqueous medium. In this case, the degree of concentration can 
be controlled by stoichiometry and reaction time. Literature: 
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Synth. Coimnun, 23 (1993) 3078-94, DE-OS 3912046, QflllPW iBBW^nOli 
TiMitunother> 41 (1995) 257-263, Cancer Research 54 (1994) 2643-49. 

Another subject of this invention is the uee of compounds of 
general formula 1 according to the invention for In-vivo 
diagnosis of neurodegenerative diseases by means of NZR 
radiation. 

Another subject of this Invention is the use of compounds of 
general formula I according to the invention for in-vitro 
diagnosis* 

Vo this end, tissue samples or biopsy samples are obtained 
and their contents of B-amyloid-pleated-sheet structures are 
studied. 

Surprisingly enough, the dyes according to the invention 
bind selectively to the samples that are to be studied and allow 
an evaluation based on the specifically emitted fluorescence in 
the near-infrared spectral region. 

Another subject of this invention are also diagnostic agents 
for in-vivo diagnosis, which contain compounds of general formula 
I together with the commonly used adjuvants and vehicles as well 
as diluents. 

According to the invention, one or more of the substances 
are fed preferably intrathecally, intralumbarly or intravenously 
to the tissue in the case of use for in-vivo diagnosis, and light 
from the near-- infrared spectral region is irradiated. The non- 
absorbed, scattered light and/or scattered fluorescence radiation 
that is emitted by the dye are recorded simultaneously/ 
individually. Preferred are the methods in which the tissue 
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irradiates over a large surface, and the fluorescence radiation 
that Is resolved locally is visualized by imaging with a CCD 
camera or the tissue areas that are to be imaged are rastered 
with a fiber optic light guide, and the signals that are received 
are converted numerically into a synthetic image. Fluorescence 
can also be evaluated spectrally and/or by phase selection, as 
veil as in a steady-state manner and/or in a time-resolved 
manner r 

The special advantage of the compounds according to the 
invention, for example compared to radiodiagnostic processes, 
lies in the fact that with use of a more stable dye, the 
fluorescence signal can also be produced and detected after 
prolonged periods after administration by excitation of the dye. 
An extended time window for the diagnosis is available, since 
limitations, for example, by decomposition half-lives do not 
exist. 

with the use according to the invention, a non-invasive 
diagnostic method is made available, which makes possible the 
direct detection of the amyloid plaques in vivo. 

The examples below explain the invention. 
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Production of M-{2,3-disulfato)propyl-l,l'-bis-(4- 
sulfobutyl)lndotricarbocyanine-S-carboxyllc aoid amide r trisodium 
salt 

1 ) 1,1' -Bis- ( 4 -sulfobuty 1 ) indotr icarbooyanine-5 -carboxy lie 
acid**N-hydroxysucclnliaidylester, eodlum salt 

0.15 g (0*75 nmol) of H,H'-dicyclohexylcarbodiinlde in 5 ml 
Is added in drops to a solution of 0.5 g (0.7 mmol) of l,l'-bls- 
(4-sulfobutyI) indotricarbocyanine-5-carboxylic acid and 0.1 g 
(0.9 mmol) of N-hydroxysucclnimide in 30 ml of anhydrous DMF at 
O^C under argon. It is stirred for 72 hours at room temperature. 
Then, the solvent is evaporated In a high vacuum at 40®C up to 
about 5 ml, and the residue is stirred with 200 ml of diethyl 
ether. After the ether is decanted from deposited precipitate, 
it is mixed again with 5 ml of dimethylformamide, and the 
described process is repeated. The precipitate that is obtained 
is dried in a high vacuum and stored under argon at -20''C. 

Yield: 0.55 g (97%) of dark blue powder 

2) (2 , 3-Dihydroxy) propyl-1 , 1 ' -bis- (4-sulf obutyl) - 
indotricarbocyanine-5-carb03cyllc acid amide, sodium salt 
0.5 g (0.61 xamol) of l,l'-bis-{4-sulfobutyl)- 

indotrlcarbocyanine-5-carboxylic acid-N-hydroxy-succinimidylester 
in 20 ml of dimethylformamide is mixed with a solution of 0.15 g 
(v. 92 mmol) of 2-aminomethyl-5,5-dimethyl-l, 3-dioxolan- 
hydrochloride and O.l g (l.l mmol) of triethylamlne in 20 ml of 
dimethylformamide, and it is stirred for 24 hours at room 
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tenperatture. The vorking*-up is carried out as described above. 
The crude product is stirred in 30 ml of water /HeOH/acetic acid 
(3:1:2) for 18 hours at rooa tenperatxure, and the solution is 
subjected directly to chromatographic purification (Europrep, 60- 
30 C18, 60A, 20-45 M# mobile solvent! water/methanol) . 
Yield: 0.25 g (52%) of blue lyophilizate 

3) N- (2 ^ 3-Disulf ato) propyl-1^ 1' -bis- (4-sulf obutyl) - 

indotricarbocyanine-5-carboxylic acid amide, trisodium salt 
0.25 g (0.32 mmol) of N-(2,3-dihydroxy)propyl-l,l'-bis-(4- 
sulf o-butyl) indotricarbocyanine-S-car boxy lie acid amide is 
stirred together with 0.22 g (1.6 mmol) of sulfur trioxide- 
trimethylamine complex in IS ml of dimethyl formamide for 48 hours 
at room temperature. The reaction mixture is concentrated by 
evaporation, stirred with ether, and the precipitated solid is 
chromatographically purified (Europrep, 60-30 C18, 60A, 20-45 jUf 
mobile solvent: 0.5% NaCl solution/methanol) . 
Yield: 0.20 g (64%) of blue lyophilizate 
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BiB-*l , 1 ' - (4«-Stilf obutyl ) indotricarbocyanine-5-carboxylic acid-a-D- 
9lucosaxiiide-3"*8ulfate, dlaodiun salt (2) 

0.23 g (0.7 lUBOl) of benzotriazol-l-yl-N,H,llSN'- 
tetramethyluronitua-^tetraf luoroborata (TBTU) is added to a 
solution of 0.5 g (0.7 miaol) of l,l'-bis-(4- 

8ulfobutyl)indotricarbocyanine-5-carboxylic acid and 0*1 g (1.0 
maol) of trlethylamine in 20 ml of anhydrous dimethylformaaiide. 
After 30 minutes of stirring at room temperature, a solution of 
0.36 g (1.4 mmol) of a-D-glucosamine*3*-Bulfate and 0.15 g (1.5 
mol) of trlethylamine in 25 ml of anhydrous dimethylformamide is 
added in drops* It is stirred for another 3 hours at room 
temperature, the solvent is evaporated in a high vacuum at 40^C, 
and the residue is stirred with diethyl ether. The solid that is 
formed is filtered off and chromatographically purified on RP- 
silica gel Europrep, 60-30 C18, 60A, 20-45 M/ step gradient: 
100% 0.5% NaCl solution -> 90% 0.5% NaCl solution/10% methanol -> 
90% water/ 10% methanol «> 50% methanol) and then freeze-dried. 
Yield: 0.51 g (76%) of blue lyophilizate 




^H«x. fluor«tc«Kt (HjO) « 779 nm 
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Bis-1^ 1'- (4-Sulf obutyl) indotricark>ocyanine-5, 5'-dicarboxylic 
acld*dl-a-*D«»gluco6amlde*<^i«3''«*suifate, trisodlun salt (3) 

The production and purification are carried out analogously 
to Eaeanple 2, starting from 0,5 g (0*66 nmol) of l,l'-'bis-(4- 
sulfobutyl)indotricarbocyanine-5,5'<»dicarboxylic acid, 0,2 g (2*0 
ttmol) of triethylamine in 25 nl of dinethylformamide, addition of 
0.43 g (1.32 naol) of TBTU as well as 0.69 g (2.64 ninol) of a-D- 
glucosanine-S -sulfate and 0.3 g (3 nmol) of triethylamine in 30 
ml of dimethylformanide« 

Yield: 0.56 g (66%) of blue lyophilizate 




^Pta. .btorptton (H2O) ^ 754 nm 
flupr«.cenee ("zO) ^ ^90 nm 



N*Chondrosin-bi6-l , 1' - (4-8Ulf obutyl) indotricarbocyanine-^S* 
carboxylic acid amide, sodium salt (4) 

The production is carried out analogously to Example 2, 
starting from 0.5 g (0.7 mmol) of l,l'-bis-(4-8ulfo- 
butyl) indotricarbocyanine-5**carboxy lie acid with use of 0.43 g 
(1.2 mmol) of chondrosin. The reaction time is 5 hours. The 
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purification is carried out by means of HPLC (colxun: 250x20 mm, 
Nucleosil 100CX8, 7 mm, eluant SO nnol of phosphate buffer pH 
4/HeOK, 5% to 95% HeOH in 60 minutes) with subsequent 
desalination to RP-silica gel axid freeze-drying. 
Yield: 0«35 g (48%) of blue lyophilizate 




tbtorptlon CH^O) = 746 nm 

pxaffiplf S| 

Maltotriose-Indotricarbocyanine Adduct 

1) Production of l-amino-l-deoxy-maltotrlose 

0.2 g of maltotriose is stirred into 5 ml of a saturated 
anmonium bicarbonate for 7 days at 30^0. To remove excess 
ammonium bicarbonate, the solution is freeze*dried several times 
until a constant weight is reached. 

2 1 Coupling with 1,1' -bis- (4-sulf obutyl) indotricarbocyanine-5- 
carboxylic acid 

A solution of 0.1 g (0.14 mmol) of l,l'-bis-(4-sulfobutyl- 
indotricarbocyanine-5-carboxylic acid and 15 mg of triethylamine 
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in 5 nl of dinethylfornamide Is mixed with 0.05 g (0.15 umol) of 
0- (benzotriazol-l-yl) -N, M, , -tetramethyl-uronium 
tetraf luoroborate (TBTU) , and it is stirred for 30 minutes at 
room temperature. Then, 0.14 g (0,28 mmol) of 1-amino-l-deoxy- 
maltotriose is added and stirred for another 5 hours at room 
temperature. After the dimethylformamide is removed at 40^C in a 
high vacuum, the residue is stirred with ether, filtered off and 
chromatographically purified (Buroprep, 60-30 C16, 60A, 20^45 Mr 
mobile solvent: vater/methanol) • Yield after freeze*drying 50%. 




748 nm 
•= 779 nm 

Heparin-Indotricarbocyanine Adduct 

0.25 g of heparin (low-molecular, M about 6000 g/mol, Sigma 
Ccmpany) is partially de-N-sulfated (25^0 for 3 hours; yield 0.20 
9) in a way that is similar to Nagasawa, K. and inoue, Y. 
(Methods in Carbohydrate Chemistry Vol. Ill, 1980, 291-294). 



^Hu. absorption 

*Ndx, fluorotcence CHjO) 
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0.10 g of partially de-N-sulfated, low-molecular heparin is 
mixed in 40 ml of phosphate buffer (O.l M NaHjPO^/NajHPO^, pH 8.3) 
with a solution of 0.12 g (0.15 mmol) of l,l'-bis-(4-sulfo- 
butyl) indotricarbocyanine-5-carboxylic acid-N- 
hydroxysuccinimidylester, sodium salt (see Example 1) in 4 ml of 
dimethylformamide, and it is stirred for 2 hours at room 
temperature. Purification is carried out by means of 
ultrafiltration with distilled water (Centriprep 3000, Amicon 
Company) , f reeze-drying and 5-hour drying at 50*C in a high 
vacuum. 

sulfur content (determination by means of ICP-AES) 
S(%) Heparin 11.55 
S(%) partially de-H-sulfated 10.02 
S(%) after labeling with dye 10.89 

*H«. rt^rptlon (HzO) " 750 nm 
*H«. fl«or,.«nc. (HjO) - 782 nm 

gitamnle It 

Indotriearbocyanine-cya-B-amyloid Adducts 

1) Production of M-t3-(3-maieimidobenzoyl)aminopropyl]-bis- 
1 , 1 ' - ( 4 -sulf obuty 1 ) indotr icarbocyanine-5-carboxy 1 ic acid 
amide, sodium salt 

1, I'-Bis- (4-8Ulf obutyl) indotricarbocyanine-5-earboxylic acid 
18 converted into the above-mentioned compound in a way that is 
similar to processes that are known in the literature by reaction 
with 3-amlnopropyl-t-butylcarbamate, release of the amino group 
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by acidic cleavage with trifluoroacetic acid and reacticn with 3- 
naleinidobenzoic acid chloride. 

2a) Labeling of cyB-B-ainyloid (l«-40) 

Oxygen is removed from all solvents by saturation with 
argon. 

10 mg of freeze-dried cys-fl-amyloid (l«40) is dissolved in 1 
ml of phosphate buffer of pH 7«8/DHF (2:1 mixture) and mixed with 
10 mg of N«*[3-(3-maleimidobenzoyl)aminopropyl]-*bis-l,l'--(4"- 
sulfobutyl)indotricarbocyanine«5-'carboxylic acid amide, sodium 
salt. It is stirred for 3 hours at room temperature, diluted 
with 5 ml of water, and the solution is freeze-dried. 

Purification by means of HPZiC (column: Kerck Select B, 5 m; 
mobile solvent: water + 0.05% trifluoroacetic acid, 
acetonitrile) yields 4 mg of product. 



C DAEFR HDSOY BVBBQ XX.VFF ABDVO SMKOA XXGUf VQOTV 




*M fluor.scenee (HjO) - 780 nm 



CA 02272320 1999-05-19 



2b) Labeling of cy8-B-anyloid (12-20) 

The reaction is carried out analogously to 2a) . 5 mg of 
cys-B-amyloid (12-20) is 2iiixed with 10 mg of dye and stirred for 
2.5 hours at room temperature. 6 mg of product is obtained after 
purification by HPLC« 



CVHHQKLVFF 
teamole Bx 

Binding Assay for Measuring the Binding of Dye Constructs to flA4- 
peptide by Fluorescence Detection 

1) Production of BA4*peptide«»coated membranes and incubation 
with flA4 -binding dye constructs 

The binding assay was carried out on BA4-peptide-coated 
nitrocellulose membranes (cellulose nitrate-membrane filter CN: 
0.4 Schleicher & Schuell Company). The coating of the 
membrane was carried out in a dot-blot-thamber (Stratagene 
Company). The membrane and the blotting paper (GB002, Schleicher 
& schuell Company) was moistened with water and equilibrated in 
TrnT buffer (20 mmol of tris/HCl pH 7.6; 127 mmol of HaCl; 0.1% 
aween 20; 0.01% NaN,) . 

10, 5 and 2.5 Mg of peptide in 0.2 ml of TBST buffer were 
applied to the membrane from a solution of BA4-peptide in water 
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(2 ng/nil) . After 15 minutes of incubation, the peptide solution 
was suctioned through the membrane, flushed with 0.2 ml of TEST 
buffer, and the membrane was removed from the dot-blot**chamber 
and dried for 30 minutes at 37%« 

Before incubation with dyes, the dried membrane was 
incubated with slight shaking for two hours with TBST-block-* 
buffer (TEST, see above; 5% milk powder) and then washed for 5 
minutes with TEST buffer. The incubation with dyes was carried 
out by slight shaking of membranes in 0.0005-0.05% solutions of 
the dye in TEST. Then, it was washed five times with TBTS 
buffer, and the membrane was dried at room temperature and sealed 
shut. 

2) Evaluation by Means of Fluorescence Detection 

The laser^induced fluorescence pictures are performed on an 
experimental fluorescence imaging system. The excitation was 
carried out with monochromatic laser light of wavelength 740 nm 
by decoupling the radiation via a fiber optic system and 
homogeneous stimulation of the cellulose membranes. The 
reflected excitation light is blocked by a cut-off filter, the 
laser- induced fluorescence light is recorded above 740 nm with a 
CCD camera (Charge Coupled Device) and the data is stored as 
black-white images. 

In Figs. 1 to 2, examples of fluorescence pictures of the 
membranes are shown. 
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Fig. l: 

Fluorescence picture of the cellulose membrane after 
incubation with bi8-l,l'-(4-8ulfobutyl) indotricarbocyanine, 
sodium salt (0.005% solution). 
Excitation wavelength 740 ran, detection > 780 nm 
I: 2.5 Mg of fl-amyloid (1-42) 
2: 5 Mg of fi*-amyloid (1^42) 
3: 10/19 of fi^amyloid (l<-42) 

4: Control peptides with similar binding properties to the 
eel lose membrane 

Fig. 2: 

Fluorescence pictiire of the cellulose membrane after incubation 
with 4- [ 5- [ 3 -carboxy-3 -hydroxy-1- ( 4-sulf ©phenyl ) -IH-pyr a2ol-4 - 
yl] -2 , 4-pentadienylidene] -4 , 5-dihydro-5-oxo-l- (4-sulf obutyl) -IH- 
pyrazole-S-'carboxylic acid, dipotassium salt (0.005% solution) 
Excitation wavelength 650 nm, detection > 680 nm 
5: 2.5 of A-amyloid (1-42) 
6: 5 Mg of B-^amyloid (1-42) 
7: 10 Mg of B-amyloid (1-42) 

8: control peptides with similar binding properties to the 
cellulose membrane. 
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PCT/DE97/02559 



Clalas 



1. Compounds of general formula I 



(X) 



In irtiich 
F 

A 
B 
W 



Is a dye^-slgnal molecule, which has at least one 
absorption maximum in the range of 600 to 1200 nm, 
is a biomolecule that binds to B-*amyloid-plaques, 
is a dye that binds to B<*amy loid-plaques , 
is a hydrophilic, low-molecular structural element that 
binds to B-amyloid-plaques, 
m stands for number 1 or 2, provided that n and o mean 0, 

or m stands for an integer 3-20, 
1 and n, independently of one another, stand for number 0, 1 
or 2, 

o cttands for an integer 0, 1, 2, 3 or 4, 
provided that the sum of l, n and o ^ 1 
as well as their physiologically compatible salts. 

2. Cc^mpoiands according to claim l, characterized in that in 
general foxmula I, F stands for a cyanine, squarilium, croconium, 
merocyanino or oxonol dye» 

3. Ccfmpowds according to claim 1 or 2, wherein in general 
lormula I, F stands for a cyanine, squarilium or croconium dye of 
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general formulas IZ-IV 




in which 
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to and to R^*^, independently of one another, stand 
for a fluorine, chlorine, bromine or iodine atom, or a nitro 
group, or for a radical -C00E\ -OOHE'E*, -NHC0E\ -KHOONHE^ 
-NE^E*, -0E\ -0S03E\ -SOjES -SOjNHEV -B\ 

Whereby E^ and E^, independently of one another, stand 
for a hydrogen atom, a saturated or unsaturated, 
branched or straight-chain C^-Cjjj alkyl chain, whereby 
the chain or portions of this chain optionally can form 
one or more aromatic or saturated cyclic C^-C^ units or 
bicyclic C^p units, and whereby the C^-C^^ alkyl chain is 
interrupted by 0 to 15 oxygen atoms and/or by 0 to 3 
carbonyl groups and/or is substituted with 0 to 5 
hydroxy groups, 

and whereby in each case adjacent radicals R^-R^ and/or R7-R,o can 
be linked together with the formation of a six-membered aromatic 
carbon ring, or these radicals stand for a binding to A, B or W, 
R' and R*, independently of one another, stand for a radical 
-e' with the above-indicated meaning or for a C,-C^ sulfoalkyl 
chain, 

Q represents a fragment 
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In which 

R^^ stands for a hydrogen, fluorine, chlorine, bromine 
or iodine atom or a nitre group or a radical -^NE^E^, 
-OB' or -E^ whereby E^ and E^ have the above^indicated 
meaning, 

R^^ stands for a hydrogen atom or a radical E^ with the 
above* indicated meaning, 
b means a number 0, 2 or 3, 
X and Y, independently of one another, mean O, S, -CH»CK- or 
a fragment 

in which 

R^' and R**^, independently of one another, stand for 
hydrogen, a saturated or unsaturated, branched or 
straight-chain c^^c^q alkyl chain, which can be 
interrupted by up to 5 oxygen atoms and/or substituted 
with up to 5 hydroxy groups, and yherehy radicals R^' 
and R^^ can be linked together while forming a 5- or 6-* 
membered ring. 

4. Compounds according to claim 1 or 2, wherein in general 
formula I, F represents a cyanine dye of general formula V 




(V) 
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in which 

p means an integer 2 or 3, 

X and Y, independently of one another, stand for 0, S, 
-CH=CH- or C(CH,)2r 

R^' and Ji}^, independently of one another, represent a 
radical -COOES -COHE^E^, -NHCOE^ -NHCONHES -HE^E^, 
-OeS -OSOjH, -SOjH, •B^ whereby E^ and E* have the 
above*indicated meaning, provided that E^ and E^ are 
not hydrogen atoms at the same time, 
R^^ and R^^, independently of one another, stand for a 
radical -E^ with the above-indicated meaning, for a C^- 
C4 sulfoalkyl chain 

or R^^, R^^, r2% r22, or E^ stands for a binding to A, 
B or W with the above- indicated meaning. 
5« Compounds according to claim 1 or 2, wherein in general 
formula I, F represents a cyanine dye of general formula VI 




(VI) 



in which 



p, X, Y, R^^ and R^^ have the above-indicated meaning, 
r25 stands for -OE', -COM?, -COHHE*, -C0NH(CH2),.^-NHE*, 
-C0NH(CH2),,^-0E?, -CONH(CH2),.^-COOE' or -CONHCCHj) ,.^-CONHE', in 
which 
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Stands for a nono-*, ollgo- or polysaccharide with at 
least one radical -OSO3H. 

6» Compounds according to claim 1 or 2, wherein in general 
formula 1^ F means an oxonol dye of general formula VII 



in which 

p, R^* and have the above-indicated meaning, 
r2* and independently of one another, stand for a phenyl 
ring that is substituted in one to three places with hydroxy, 
carboxy, sulfate, sulfonate, alkyl or alkoxy or carboxylic acid 
ester radicals. 

7. Compounds according to at least one of the claims above, 
wherein in general formula I 

A stands for antibody fragments, specific peptides and 
proteins, receptors, enzymes, enzyme substrates, nucleotides, 
ribonucleic acids, deoxyribonucleic acids, lipoproteins, 
carbohydrates; mono-, di- or trisaccharides; linear or branched 
oligo- or polysaccharides or -saccharide derivatives or for a 



8. Compounds according to at least one of the claims above, 
wherein in general formula I 




r24 



r25 



(VII) 



dextran* 



Jttnended Page 
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B represents a diaso dye of general formula VIII 




R18 



N-R^S (VIII) 



in which 



R^' and R^^, independently of one another, stand for a 
phenyl or naphthyl radical that is substituted with one 
or more hydroxy, carboxy, amino, sulfonic acid, 
alkoxycarbonyl, alkylamino, dialkylamino, alkoxy 
groups, with up to 6 carbon atoms in the alkyl radical, 
or arylsulfonyl groups, with up to 9 carbon atoms in 
the aryl radical, 
or R^^ and R^* stand for a dye p, 

R^^ and R^®, independently of one another, stand for a 
hydroxy, carboxy, sulfonic acid, alkyl, alkoxy radical, 
with up to 6 carbon atoms. 
9* compounds according to at least one of the claims 
above, wherein in general formula I 

W stands for a radical -^OSO^H or -SO3H, an unbranched, 
branched, cyclic or polycyclic alkyl, alkenyl, polyalkenyl, 
alkinyl, aryl, alkylaryl or arylalkyl radical with up to 60 
C atoms, which is substituted with up to 5 hydroxy groups, 
up to 3 carboxy lie acid groups and at least one radical 
-OSO3H or 
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10. Compounds according to at least one of the claims 
above, wherein F is linked with A, B and/or W, independently of 
one another, via an ester, ether, secondary or tertiary amino 
group, amide group or via a group 



11 « Use of compounds according to claim 1 for in-*vivo 
diagnosis of neurodegenerative diseases by means of NZR 
radiation. 

12. Use of compounds according to claim 1 for in-vitro 
diagnosis of neurodegenerative tissue by means of NIR radiation. 

13. Optical diagnostic agent for in-vivo diagnosis of 
neurodegenerative diseases by means of NIR radiation, wherein it 
contains at least one compound according to claim 1 together with 
the comoaonly used adjuvants and vehicles as well as diluents. 




o 
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Abstract 

The invention relates to compounds of general formula (l): 
(-B„> (-W„), in which P is a dye-signal molecule, which 
has at least one absorption maximum in the range of 600 to 1200 
nm; A is a biomolecule that binds to fl-amyloid plaques; w is a 
hydrophilic, low-molecular structural element that binds to 6- 
amyloid-p!Ult^fes;%s well as the use of these compounds for in- 
vivo and in-vitro diagnosis of neurodegenerative diseases, such 
as Alzheimer's disease, by means of near infrared radiation (NIR 
radiation) as a contrast medium in fluorescence and 
transillumination diagnosis in the NIR range and diagnostic 
agents that contain these compounds. 
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